Abstract-Low basic Cybber anionites with various functional groups and a matrix type are tested for the recovery of rhenium from multicomponent sulfuric acid solutions. It is established that anionite SX002 man ifests an increased capacity during the sorption from solutions with a low Re content, while anionite ALX220 is applicable to recover Re at its high concentrations in the solution. The ionic background of the industrial solution affects the capacity of sorbents with respect to rhenium. When studying the kinetic characteristics, it is revealed that sorption processes on ionites are limited by the internal diffusion. The tests of ionites as applied to Cr containing solutions indicate the possibility of using anionites ALX220 and SX002 to recover rhenium.
INTRODUCTION
In the practical aspect, products and half products fabricated when processing the molybdenite and cop per sulfide feedstock [1] [2] [3] [4] based on various pyromet allurgical processes are the main economically accept able rhenium sources most developed to date. Rhe nium is sublimed from the ore feedstock at high temperatures in a form of volatile oxide Re 2 O 7 [1] . Up to 50% Re transfers into washing sulfuric acid during the wet purification of industrial gases (electric fur nace and converter), which enter the sulfuric acid pro duction. Sulfuric acid processing with the formation of commercial ammonium perrhenate is based on sorption and extraction processes [5] [6] [7] .
A certain amount of rhenium (5.6%) and accom panying osmium in the reduced form are isolated in the course of fabrication operations of ammonium perrhenate into an independent product-interphase precipitates [8] . The average rhenium content in the middling is 131.6 kg/t [9, 10] . The precipitate of the sorption technology is a loose friable mixture, and that of the extraction technology is a mazutlike, resinlike, or goudronlike mass [11] .
Recovery technologies of Os and Re from inter phase are based on the oxidation of various low solu ble elements with the purpose of the transition into the gas phase or into the solution. Their processing flow sheet, by which the interphase precipitate is trans ferred into the sulfuric acid solution and is treated by potassium dichromate taken in the excess for the max imal distillation of osmium and transfer of rhenium into the solution, is constructed based on this princi ple. The process results in the formation of Cr con taining solutions with the Re concentration up to 1.3 g/L against the background of high concentrations of chromium, selenium, and sulfuric acid. According to the data [12] , the recovery characteristics of rhe nium from sulfuric acid solutions by a Purolite A170 low basic anionite in the presence of chromium and selenium atoms substantially decrease.
The high rhenium content in solutions from pro cessing the interphase precipitates determines the necessity of its recovery from them [13] . In connection with this fact, we investigated the characteristics of sorption of rhenium from sulfuric acid solutions by low basic Cybber anionites with various functional groups and a matrix type (Table 1) in this study [14] .
EXPERIMENTAL
Ionites were preliminarily conditioned according to the following procedure. Anionite was treated with 1 N NaCl solution for 2-4 h, washed with water, and placed into 1 N NaOH solution. After 2-4 h, it was washed with water and the described cycle was repeated; after that, the anionite was transferred into the required form by holding in a prepared solution for a day. Then the solution was decanted and the sorbent was washed with water to a weakly acidic reaction.
Capacitive properties of sorbents were investigated in static conditions using model and actual industrial solutions. A sorbent sample 2 g in weight was treated in statics for a definite time with a rhenium containing solution of 100 mL in volume at a specified tempera ture. Stirring was performed in closed conical flasks using a mechanical shaker.
The preliminary experiments showed that the time necessary to establish equilibrium during the opera tion using all studied sorbents was 5 h. Model solutions containing 0.05-0.5 g/L rhenium were introduced in the form of potassium perrhenate.
To investigate the sorption kinetics, we used solu tions with the initial content of 0. Solutions after sorption were analyzed for the rhe nium content. The composition of prepared solutions was investigated by inductively coupled plasma mass spectrometry (ICP MS) using a Spectrace 5000 Tracor X ray spectrometer and atomic absorption method.
RESULTS AND DISCUSSION
Sorption isotherms were recorded upon varying the initial rhenium concentration in the solution from 0.05 to 0.5 g/L and content of sulfuric acid in solutions up to 50 g/L. The interaction equation of perrhenate ions with functional groups (tertiary amines) of anion ites can occur according to the following reaction: Figure 1 shows the sorption isotherms of rhenium from sulfuric acid model solutions by anionites under study. It is seen from the presented data that all tested anionites are able to absorb rhenium in experimental conditions. The highest capacitive characteristics
belong to macroporous AlX220 and SX002 anionites with tertiary amines as functional groups.
Sorption isotherms of rhenium by Cybber anion ites were performed using the Langmuir concentration ( Table 2 ). Based on these data, we selected two sam ples, notably, ALX220 and SX002, for further investi gation.
In connection with the fact that the main factor affecting the dissociation of functional groups and anionite swelling is medium acidity, we investigated Table 3 .
Chromium and selenium ions lower the capacity of anionites with respect to rhenium. The largest influ ence is affected by the anion of hexavalent chromium, which suppresses sorption; in addition, it is able to cause the destruction of ionites as a strong oxidant. The high sensitivity of ALX220 anionite to the pres ence of selenium ions in the solution should be noted.
Integral kinetic sorption curves of rhenium by anionites SX002 and ALX220 at T = 298 K are pre sented in Fig. 3 .
Anionites are characterized by a high sorption rate, and recovered rhenium is concentrated for first 30-35 min by more than 70%. The asymptotic approximation of the dependence of the degree of exchange (F) on sorption time (τ) in the initial instant is determined by the following rela tionship:
where is the effective diffusivity of rhenium in resin, m 2 s -1 ; r 0 is the radius of the sorbent particle, m.
Therefore, dependence F( ) is linear for the intras phere kinetics mechanism and nonlinear for the film kinetics.
It is accepted to consider that the process rate in strongly diluted solutions is limited by film diffusion. In this case, the equation takes place where D is the ion diffusivity in the solution, m 2 s -1 ; δ is the thickness of the diffusion film, m; C 0 is the ion concentration in the solution, mol/L; and m is the amount of the sorbed ion, kg.
This fact means that dependence -ln(1 -F) = f(τ) for the film mechanism should be linear [15] . There fore, in order to determine the limiting process stage, the kinetic data were processed in functional coordi nates -ln(1 -F)-τ and F- (Fig. 4) . These graphic dependences indicate that the deter mining state of sorption on anionites SX002 and ALX220 is the internal diffusion.
We calculated effective diffusivities of rhenium in anionite using the equation taking into account the half exchange time (τ 0.5 , s) [15] :
The sorbent radius was calculated allowing for the fraction of 0.8-1.0 mm in size, which is used in kinetic experiments, by the following formula:
Diffusivities resulted from the calculation are pre sented in Table 4 . The order of values (10 -11 ) con firms the diffusion character of the sorption process.
During the sorption of rhenium from an industrial solution containing, g/L, 1. 0.16 mmol/g, while that of SX002 anionite was 0.14 mmol/g. The data of experiments on desorption of rhenium indicate high eluting capacity of the 8% ammonia solution. Rhenium is washed by more than 70% for one contact. An increase in the concentration of the ammonia solution almost does not affect the recovery of Re. We succeeded in elevating the rhenium concen tration in the solution by a factor of 8-10 for one sorp tion-desorption cycle.
CONCLUSIONS
It is established in the course of our experiments on the sorption recovery of rhenium from multicompo nent sulfate solutions that ALX220 and SX002 Cybber macroporous anionites make it possible to acquire high sorption characteristics of rhenium relative to other approved processes. With their use, the process occurs in the intradiffusion region. The possibility of applying SX002 anionite at low rhenium concentra tions should be mentioned. Anionites ALX220 and SX002 show comparable values of sorption capacity in the course of sorption of rhenium from model and industrial solutions with a high ionic background (see Table 3 ).
